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ELECTRON-EMITTING DEVICE. ELECTRON SOURCE, 
IMAGE FORMING APPARATUS, 
AND 

ELECTRON-EMITTING APPARATUS 

BACKGROUND OF THE INVENTION 
Field o£ the Invention 

The present invention relates to an electron- 
emitting device, an electron-emitting apparatus using 
the electron-emitting device, an electron source in 
which a plurality of the electron-emitting devices are 
arranged, and an image - forming apparatus constructed 
using the electron source* 
Related Background Art 

There have he en conventionally known two types of 
electron -emitting devices; thermionic cathode electron- 
emitting devices axid cold cathode electron- emitting 
devices. The cold cathode electron- emitting devices 
include, in the category thereof, devices of electric 
field emitting type (hereinafter referred to as the 
B FE M type), devices of metal/insulating layer/metal 
type (hereinafter referred to as the n MIM" type), and 
surface conduction electron-emitting devices. The PE 
type electron- emitting devices include devices of diode 
type that extract electrons using anode electrodes and 
devices of edge emitter type that emit electrons from 
edge portions of emitters. 



As the diode type electron-emitting devices, there 
lias been known an device disclosed, in US Patent No. 
5551903- 

As the edge emitter type electron -emit ting 
devices, there have been known devices disclosed in 
Japanese Patent Application Laid-open No. 10-289650 and 
Japanese Patent Application t-aid-open No. 8-298068. 

SUMMARY OF THE INVENTION 

In the case of the conventional techniques 
described above, there occur the following problems. 

The application of electron-emitting devices to 
image -forming apparatuses, such as displays, needs 
enough emission current to have phosphor emit light 
having sufficient brightness. Also, to achieve high- 
definition displays , it is neces sary that the diameter 
of electron beam applied onto phosphor are small and 
electron-emitting characteristics are uniform. 
Further, it is important that the electron- emitting 
devices are driven at low voltage and are easy to be 
manufactured . 

Fig. 16 shows an example of the foregoing diode 
type electron-emitting devices among the FE- type 
electron-emitting devices. 

The electron -emitting device in this example has a 
construction where a conductive material 302 is 
disposed on a substrate 301, a convex portion 304 made 



of a conductive material is formed on the conductive 
material 302, an electron- emitting film 305 is 
laminated on the top end of the convex portion 304, and 
electrons are extracted by an anode 306 disposed above 
these components. With this construction, however, the 
maximum electric field is applied to the end portion of 
the electron-emitting film 305, so that the beam 
diameter of emitted electrons tends to be increased. 

Also, because electrons are extracted by the 
voltage applied to the anode 306, a large anode voltage 
is required in order to have a phosphor (not shown) 
arranged at the back of the anode 306 emit light having 
sufficient brightness- However, because the anode 306 
doubles as a modulation voltage in this construction, 
it is difficult to apply a high voltage to the anode 
306. 

If a distance D2 between the anode 306 and the 
electron-emitting film 305 is reduced in view of these 
problems, the beam diameter of emitted electrons is 
decreased to some extent and the anode voltage required 
for electron emission is lowered. In this case, 
however, the energy of emitted electrons is also 
lowered and therefore it becomes difficult to have the 
phosphor emit light having sufficient brightness. 

An example of the foregoing edge emitter type 
electron-emitting devices is shown in Fig. 17. 

The electron-emitting device in this example has a 



construction where a cathode 312 is sandwiched between 
two gate electrodes 314. with insulating layers 313 
being inserted between the cathode 312 and the gate 
electrodes 314. With this construction, the two gate 
electrodes 314 apply positive voltages (0<| Vgl| <| Vg2[ ) 
to the cathode 312, thereby increasing the amount of 
electrons emitted from the cathode 312. In this case, 
however, the beam diameter of emitted electrons tends 
to be increased. 

The present invention has been made in the light 
of the above-mentioned problems of the conventional 
techniques, and an object of the present invention is 
to provide an electron-emitting device, an electron 
source, and an image "forming apparatus, which are 
driven at low voltage, have uniform electron -emitting 
characteristics , produce electron beams having small 
diameters, have simple constructions, and are easy to 
be manufactured. 

The present invention which has been attained to 
solve the above-mentioned problems is given below: 

That is , an electron-emitting apparatus of the 
present invention is characterized in that: the 
apparatus comprises: an electron- emitting device 
including a first electrode, a second electrode that is 
provided so as to be insulated from the first 
electrode, and an electron-emitting film connected to 
the second electrode; and 



an anode provided at a predetermined distance from 
the electron-emitting film; and that 

the first electrode, the second electrode,, and the 
electron -emitting film oppose the anode; a distance 
between the anode and the electron -emit ting film is 
longer than a distance between the anode and the second 
electrode; and a distance between the anode and the 
first electrode is longer than the distance between the 
anode and the electron- emitting film* 

Further, the electron- emit ting device of the 
present invention is characterized in that: the device 
comprises : a first electrode arranged on a surface of a 
substrate, an insulating layer arranged on the first 
electrode, a second electrode arranged on the 
insulating layer, and an electron -emitting film 
arranged on the second electrode, and that the second 
electrode has two side surfaces that oppose each other 
in a direction parallel to the surface of the 
substrate; and the electron-emitting film is arranged 
so as to be shifted toward one of the two side 
surfaces . 

An electron source is formed by arranging a 
plurality of the above electron- emitting devices, and 
is characterized in that the electron source emits 
electrons using at least one of the plurality of 
electron-emitting devices according to an input signal. 

An image -forming apparatus is characterized by 



comprising the above electron source, and an Image 
forming member on which, an Image Is formed by 
irradiation with electrons emitted from the electron 
source * 

With employment of the electron- emitting device 
according to the present invention, an electron beam, 
which is driven at a low voltage; is easy to produce; 
and has a small beam diameter, can be obtained, and in 
addition an electron source and an image -forming 
apparatus, which have uniform electron- emitting 
characteristics with high definition, and are stable 
for a long time period, can be realized _ 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a schematic cross -sectional view showing 
the construction of an electron-emitting device to 
which the present invention is applied; 

Fig, 2 is a schematic plain view showing the 
construction of the electron -emitting device to which 
the present invention is applied; 

Fig. 3 is a schematic cross -sectional view showing 
a state where electrons are emitted from the electron- 
emitting device to which the present invention is 
applied; 

Fig. 4 is a schematic cross -sectional view showing 
a state where the emission of electrons from the 
electron-emitting device, to which the present 



invention ±s applied, is prohibited; 

Figs* 5A, 5B„ 5C # 5D # 5E, 5F and 5G show an 
example method of manufacturing the electron-emitting 
device to which the present invention is applied; 

Fig* 6 is a schematic view showing the 
construction of an electron source having passive 
matrix configuration according to an embodiment of the 
present invention; 

Fig. 7 is a schematic view showing the 
construction of an image -forming apparatus that uses 
the electron source having the passive matrix 
configuration according to the embodiment of the 
present invention; 

Figs, 8A and SB each show a fluorescent film in 
the image -forming apparatus according to the embodiment 
of the present invention; 

Fig* 9 is a schematic cross -sectional view of an 
electron-emitting device according to a fourth 
embodiment ; 

Figs- 10A, 10B, IOC, 10D, 10E and 10F show an 
example method of manufacturing the electron-emitting 
device according to the fourth embodiment; 

Fig. 11 is a schematic cross -sectional view of an 
electron -emitting device according to a fifth 
embodiment ; 

Fig- 12 is a schematic cross -sectional view of an 
electron-emitting device according to a sixth 



embodiment ; 

Figs, 13A, 13B, 13C, 13D, 13E, 13F, 13G and 13H 
show an example method of manufacturing the electron- 
emitting device according to the sixth embodiment; 

Fig. 14 is a schematic cross -sectional view of an 
electron- emitting device according to the seventh 
embodiment ; 

Fig- 15 is a schematic plain view of the electron- 
emitting device according to the seventh embodiment; 

Fig. 16 is a schematic cross-sectional view of a 
diode type electron-emitting device among FE type 
electron-emitting devices; 

Fig. 17 is a schematic cross- sectional view of an 
edge emitter type electron- emitting device among the FE 
type electron- emitting devices; 

Figs. 18A and 18B are schematic cross -sectional 
views used to explain the construction of the electron- 
emitting device of the present invention; 

Fig* 19 is a schematic diagram illustrating a 
construction of a fiber whose main ingredient is 
carbon ; and 

Fig- 20 is a schematic diagram illustrating 
another construction of the fiber whose main ingredient 
is carbon. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiment of the present invention 



will be exemplarily described in detail- below with, 
reference to the drawings. Note that the sizes, 
materials, shapes, relative positions, and other 
aspects of components described below should be 
appropriately changed according to the construction and 
various conditions of an apparatus to which the present 
invention is applied- Therefore, there is no intention 
to limit the scope of the present invention to the 
following description. 

An electron- emitting device to which the present 
invention is applied has a characteristic that a first 
electrode, an electron- emitting film, and a second 
electrode oppose an anode, a step is formed between a 
surface of the first electrode opposing the anode and a 
surface of the electron-emitting film opposing the 
anode, another step is formed between the surface of 
the electron-emitting film opposing the anode and a 
surface of the second electrode opposing the anode, a 
distance from the surface of the first electrode 
opposing the anode to the anode is longer than that 
from the surface of the electron- emitting film opposing 
the anode to the anode, and a distance from the surface 
of the electron -emitting film opposing the anode to the 
anode is longer than that from the surface of the 
second electrode opposing the anode to the anode. That 
is, the electron- emitting device is characterized in 
that it has a step-like construction* 
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As Is apparent from this, the electron- emitting 
device to which the present invention is applied can be 
constructed merely by laminating the components . This 
means that the electron -emitting device is easy to be 
manufactured and the construction thereof is easy to be 
controlled. As a result, the uniformity of the 
electron- emitting characteristic of the electron- 
emitting device is increased. 

Also, the electron-emitting device to which the 
present invention is applied is characterized in that 
it is a triode device where the emission of electrons 
from the electron- emitting film is caused by the anode 
to which a given voltage is applied and the emitted 
electrons are controlled by the first electrode 
functioning as a modulation electrode. 

In the electron-emitting device to which the 
present invention is applied, the first electrode on 
the substrate functions as a modulation electrode. 
This makes it possible to apply a high voltage to tne 
anode, so that emitted electrons strike a phosphor with 
energy that is enough to have the phosphor emit light. 
As a result, light having sufficient brightness is 
emitted from the phosphor. 

Also, by applying a voltage, which is lower than 
that applied to the electron-emitting film, to the 
electrode used as a modulation electrode, the strength 
of an electric field applied to an electron-emitting 



- 11 - 



region of the electron -emitting film can be decreased 
without difficulty. This makes it possible to drive 
the electron-emitting device, to which the present 
invention is applied , at low voltage. 

Fig. 2 is a schematic plain view showing the 
construction of the electron- emit ting device according 
to an embodiment of the present invention, while Fig. 1 
is a schematic diagram of an electron -emitting 
apparatus in which an anode is disposed so as to oppose 
the electron-emitting device* Here, Fig, 1 is a 
schematic cross-sectional view taken along the line 1-1 
in Fig* 2. Also, Fig, 3 is a schematic cross -sectional 
view showing a state where electrons are emitted from 
the electron-emitting film in the electron- emitting 
apparatus- Further, Fig. 4 is a schematic cross - 
sectional view showing a state where the emission of 
electrons from the electron- emitting film is prohibited 
in the electron-emitting apparatus „ 

In Figs. 1 ancl 2, reference numeral 11 represents 
a substrate; numeral 12, a first electrode; numeral 13, 
an insulating layer; numeral 14, a second electrode; 
numeral 15, an electron-emitting film that is a 
conductive film; numeral 16, an anode; symbol Wl, the 
width o£ the step of the second electrode; and symbol 
LI, an electrode length. 

The width Wl of the step of the second electrode 

f 

is appropriately set according to the materials and 
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resistance of the components, the work function and 
driving voltage of the material of the second electrode 
14, and the required shape of the electron beam to be 
emitted. The width Wl is usually set in a range of 
several nm to several hundred pm, and preferably in a 
range of several ten nm to several \*m. Also, the 
electrode length LI is appropriately set according to 
the materials and resistance value of the components 
and the position of the electron-emitting device . The 
electrode length LI is usually set in a range of 
several hundred nm to several mm, and preferably in a 
range from several nm to several hundred pm. 

Symbol Va denotes a voltage applied to the anode 
16, which is a positive electrode , by a first voltage 
applying means* The potential applied to the anode 16 
is higher than those applied to the first electrode 12 
and the second electrode 14, Symbol Vb represents a 
voltage applied between the first electrode 12 and the 
second electrode 14 by a second voltage* applying means - 
In more detail, Vb[V]=potentialf V] of the first 
electrode 12 -potential [V] of the second electrode 14. 
The electric field applied to the electron-emitting 
film 15 is formed by the voltages Va and Vb. 

Fig. 3 is a schematic cross -sectional view showing 
an example driving method where electrons are emitted 
from the electron- emitting device according to this 
embodiment. In this drawing, reference numeral 17a 
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represents an equipotential surface formed. In the 
vicinity of the electron-emitting film 15 during the 
electron emission- This drawing relates to a case 
where the voltage Vb is set at OV during the electron 
emission. The shape of the equipotential surface 17a 
is determined by the magnitude of the voltage Va and 
the thickness and width of each component of the 
electron-emitting device. However, the electric field 
applied to the end portion of the electron -emitting 
film 15 is greater than those applied to other portions 
thereof,, so that electrons are emitted only from the 
end portion- As a result, the beam diameter of the 
emitted electrons becomes small. In particular, the 
electric field applied to a portion of the electron- 
emitting film 15 in the vicinity of the step portion of 
the second electrode is extremely small. Also, the 
thickness and width of each component of the electron - 
emitting devices may be freely set at values suitable 
fox- the application purpose. 

Also, if the voltage Vb is set at OV, there may be 
cases where no electrons are emitted, depending on 
respective parameters such as the material o£ the 
electron- emitting film 15, the shape of the second 
electrode 14, the distance between the anode 16 and the 
electron- emitting film 15, and the potential applied to 
the anode 16. Therefore, with the construction of the 
electron-emitting device according to this embodiment. 
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the strength, of the electric field applied to the end 
portion of the electron -emitting film 15 is increased 
not by setting the voltage Vb at OV but by setting the 
potential of the first electrode 12 at a value higher 
than that of the potential of the second, electrode 14. 
This relaxes the requirements that need to be satisfied 
by the foregoing parameters . 

As a result, with the construction of the 
electron-emitting device of the present invention, the 
voltage Vb is not limited to OV. That is, when the 
electron-emitting device of the present invention is 
driven, it is preferable that the potential of the 
first , electrode 12 is set at a value higher than that 
of the potential of the second electrode 14* As a 
result, during the driving of the electron- emitting 
device of the present invention, the voltage (Vb) 
applied between the first and second electrodes 
satisfies a condition B Vb>0[VJ", or preferably a 
condition "Vb>0 [ V] n . 

Also, Fig. 4 is a schematic cross- sectional view 
showing an example driving method where the electron 
emission from the electron -emitting device of the 
present invention is prohibited. In this drawing, 
reference numeral 17b represents an equipotential 
surface formed in the vicinity of the electron-emitting 
film 15* In this example, the potential applied to the 
second electrode 14 is higher than that applied to the 
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first electrode 12 (Vt><OV) * The shape of the 
eguipotential surface 17b is determined by the 
magnitudes of the voltages Va and Vb, a distance Dl„ 
and the thickness and width of each component. Because 
the voltage applied to the second electrode 14 is 
higher than that applied to the first electrode 12 in 
this example, the equipotential surface in the vicinity 
of the end portion of the electron-emitting film 15 is 
lifted toward the anode 16 and the electric field 
applied to the end portion of the electron- emitting 
film 15 is weakened. As a result, no electrons are 
emitted from the electron- emitting film 15* 

Also, a potential difference Vb required to 
prevent the electron emission from the electron- 
emitting film 15 is determined by the magnitude of the 
voltage Va, the distance Dl, and the thickness of each 
component arranged between the substrate and the 
electron-emitting film 15. The potential difference 
can be reduced by freely selecting values that are 
suitable for an application purpose, 

Also r in the foregoing electron- emitting device of 
the present invention, as described by referring to 
Fig. 3, a surface part (convex portion) of the second 
electrode 14, whose distance to the anode electrode 16. 
is shorter than the distance between the electron- 
emitting film 15 and the anode electrode 16 9 increases 
the strength of the electric field applied to the end 
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portion of the electron- emitting film 15. Thus , the 
strength of the electric field applied thereto becomes 
greater than those of the electric fields applied to 
other portions of the electron-emitting film 15* 
Therefore , it is most preferable that the distance 
between the anode 16 and part of the surface of the 
second electrode 14 is shorter than the distance 
between the anode 16 and the surface of the end portion 
of the electron- emitting film 15 - 

The electron -emitting device of the present 
invention, however, may have a construction where the 
distance between the second electrode 14 and the 
substrate 11 is shorter than that between the electron- 
emitting film 15 and the substrate 11 (the distance 
between the electron- emitting film 15 and the anode 
electrode 16 is shorter than that between the second 
electrode 14 and the anode electrode 16). That is r as 
shown in Pig, 18A, the electron -emitting device may 
have a construction where the first electrode 12 is 
arranged on the surface of the substrate 11, the 
insulating layer 13 is arranged on the first electrode 
12, the second electrode 14 is arranged on the 
insulating film 13, and the electron-emitting film 15 
is arranged on the second electrode 14. Note that 
symbol 17c in Fig. 18A denotes an equipotential surface 
formed in the vicinity of an electron-emitting portion. 
Similarly to the case of the electron -emitting device 
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shown in Fig. 3, the driving voltage (voltage applied 
between the first electrode and the second electrode) 
Vb in Fig. 18A satisfies the condition n Vb>0[V] w , or 
preferably the condition "Vb>OCV] " - 

It should be noted here that in the case of the 
construction shown in Fig, 18A, like the construction 
shown in Fig. 2 and 3, the electron- emitting film 15 is 
(eccentrically) arranged adjacent to one end portion of 
the second electrode 14. In other words, the electron- 
emitting film 15 is arranged so as to be shifted toward 
one of two side surfaces (edges) of the second 
electrode 14 that are opposite to each other in a 
direction substantially parallel to the surface of the 
substrate . Also, in other words, the electron-emitting 
film 15 is arranged so as to be shifted toward one of 
two end portions of the second electrode 14 that are 
opposite to each other in a direction substantially 
parallel to the surface of the substrate. 

If the electron-emitting film 15 is arranged to 
entirely cover a surface of the second electrode 14 as 
shown in Fig. 18B, electrons are emitted from both ends 
of the electron-emitting film 15 and therefore the 
diameter of an electron beam is increased. Note that 
symbol 17d in Fig. 18B denotes an equip ot en tial surface 
formed in the vicinity of an electron -emitting region _ 
An example method of manufacturing the foregoing 
electron -emitting device of the present invention is 
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described below w±th reference to Figs* 1 and 5A to 56. 

First, a lamination member is produced by 
sufficiently cleaning the surfaces of quartz glass, 
glass in which the amount of impurities, such as Na, is 
reduced, a soda lime glass, a silicon substrate, or the 
like, and then laminating Si0 2 film thereon with a 
sputtering method or the like. Alternatively, an 
insulating substrate is produced using ceramics such as 
alumina. The lamination member or the insulating 
substrate is used as the substrate 11. Then, the first 
electrode 12 is laminated on the substrate 11* 

In general, the first electrode 12 has 
conductivity and is formed with a general vacuum layer 
formation technique, such as a vapor deposition method 
or a sputtering method, or a photolithography method* 
The material of the fixst electrode 12 is. for 
instance, appropriately selected from a group of carbon 
and a carbon compound consisting of metals (such as Be, 
Mg, Ti, Zr, Hf, V, Nt>, Ta, Mo, W, Al r 'Cu f Ni f Cr, Au, 
Pt r and Pd) , their alloys, a carbide (such as TiC, ZrC, 
HfC, TaC, SiC, and WC) , a boride (such as HfB 2 , ZrB 2 , 
LaB fi/ CeB 6 , YB 4 , and GdB 4 ), a nitride (such as TIN, ZrN, 
and HfN) , a semiconductor (such as Si and Ge) , an 
organic highpolymer material, an amorphous carbon, 
graphite, diamond like carbon, carbon in which diamond 
is dispersed, and a carbon compound. The thickness of 
the first electrode 12 is set in a range of several ten 
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run to several mm, and preferably in a range of several 
hundred run to several um. 

Next, tlie insulating layer 13 is stacked on the 
first electrode 12. The insulating layer 13 is formed 
with a general vacuum layer formation technique, such 
as a sputtering method, a CVD method, or a vacuum 
evaporation method* The thickness of the insulating 
layer 13 is set in a range of several nm to several urn, 
and preferably in a range of several ten nm to several 
hundred nm f It is preferable that the insulating layer 

13 is made of a material, such as Si0 2 , SiN, Al 2 , 0 3 , 
Caf „ and undoped diamond, that has a high withstand 
voltage and is resistant to a high electric field * 

Further, as shown in Fig. 5A, the second electrode 

14 is stacked on the insulating layer 13* Like the 
first electrode 12, the second electrode 14 has 
conductivity and is formed with a general vacuum layer 
formation technique, such as a vapor deposition method 
or a sputtering method, or a. photolithography method* 
The material of the second electrode 14 is, for 
instance, appropriately selected from a group 
consisting o£ metals (such as Be, Mg, Ti, Zr, Hf, V, 
Nb r Ta, Mo, W, Al r Cu, Ni, Cr, Au, Pt, and Pd), their 
alloys, a carbide (such as TiC, ZrC, HfC, TaC, SiC, and 
WC), a boride (such as HfB 2 , ZrB 2 , LaB 6 , CeB 6 , YB 4 , and 
GdB 4 ), a nitride (such as TIN, ZrN, and HfN) , a 
semiconductor (such as Si and Ge) , and an organic 
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highpolymer material. The thickness of tlie second 
electrode 14 ±s set in a range of several nm to several 
ten pm r and preferably In a range of several ten run to 
several lim- 
it should be noted here that it does not matter 
whether the first and second electrodes 12 and 14 are 
made of the same material or different materials - 
Also, it does not matter whether these electrodes 12 
and 14 are formed with the same method or different 
methods , 

Next, as shown in Fig. 5B, a mask pattern 18 is 
formed using a photolithography technique. 

Following this, the lamination structure shown in 
Fig. 5C is obtained by partially removing the 
insulating layer 13 and the second electrode 14 from 
the lamination device including the first electrode 12 . 
Note that it does not matter whether the etching 
operation is terminated before the first electrode 12 
is etched or Is continued ton til the first electrode 12 
is partially etched. The etching method used in this 
etching step is appropriately selected according to the 
materials of the insulating layer 13 and the second 
electrode 14 . 

Next, the mask pattern 18 is peeled off and then 
another- mask pattern 19 is formed using a 
photolithography technique as shown in Fig. 5D. 

Then, as shown in Fig. 5E, a part of the second 
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electrode 14 is removed to obtain a step-like shape of 
the* second electrode 14. This etching step needs to be 
terminated before the second electrode 14 is completely 
etched from the top surface to the bottom surface. 

Following this, as shown in Fig. 5F, the electron- 
emitting film 15 is disposed using a general vacuum 
layer formation technique, such as a vapor deposition 
method or a sputtering method, or a photolithography 
method. The material of the electron -emitting film 15 
is, for instance, appropriately selected from a group 
consisting of graphite , fullerene, carbon nanotubes , 
graphite nanofibers, diamond like carbon, carbon in 
which diamond is dispersed. It is preferable that the 
electron-emitting film 15 is made of a thin diamond 
film or diamond like carbon having a low work function* 
It is particularly preferable that the electron- 
emitting film 15 is made of fiber comprises carbon as a 
main ingredient (referred to as "fibrous oax-bon") that 
easily emit electrons in a low electric field, such as 
graphitic nanof ibers or carbon nanotubes * The 
thickness of the electron-emitting film 15 is set in a 
range of several run to several jim, and preferably in a 
range of several nm to several hundred run. 

If the fibers whose main ingredients are carbon 
are used as the material of the electron- emitting film 
15, the electron-emitting film 15 becomes an aggregate 
of a plurality of fibers whose main ingredients are 
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carbon - 

The £±bers whose main ingredients are carbon has a 
threshold electric field of several V/yun. Examples of 
the aggregate of fibers whose main ingredients are 
carbon are shown in Figs* 19 and 20* In each drawing, 
the carbon configuration captured at an optical 
microscope level (— lOOGx magnification) is 
schematically shown in the left area, the carbon 
configuration captured at a scanning electron 
microscope (SEM) level ( — 3 0000x magnification) is 
schematically shown in the center area, and the carbon 
configration captured at a transmission electron 
microscope (TEM) level ( — lOOOOOOx magnification) is 
schematically shown in the right area. 

A graphene that has a cylindrical shape as shown 
in Fig. 19 is called a carbon nanotube (a cylindrical 
graphene having a multi-layered structure is called a 
mult i- wall nanotube) , In particular, in the case of a 
shape where the tip of the tube is expanded, the 
threshold value is reduced to a minimal level. 

Fig* 20 shows a fiber that may be produced at a 
relatively low temperature to include carbon as its 
main ingredient. The fiber shown in Fig. 20 is a 
graphene layered product- Therefore, this fiber is 
called a "graphite nangfiber" in some cases, although 
the ratio of an amorphous structure increases depending 
on the temperature. In more detail, the graphite 
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nanofiber is a fibrous substance in which, graphens are 
layered (laminated) in the longitudinal direction 
thereof (in the axial direction of the fiber). In 
other words, as shown in Fig. 20, the graphite 
nanofiber is a fibrous substance in which plurality of 
graphenes are layered (laminated) so as not to be 
parallel to the fiber axis. 

On the other hand, the carbon nanotube is a 
fibrous substance in which graphens are arranged (in 
cylindrical shape) around the longitudinal direction of 
the fiber (the axial direction of the fiber). In other 
words, the carbon nanotube is a fibrous substance in 
which graphenes are arranged substantially parallel to 
the fiber axis* 

It should be noted here that a single plane of 
graphite is referred to as a "graphene" or a "graphene 
sheet". In more detail, the graphite has a 
construction where regular hexagons formed by carbon 
atoms having covalent bonds attributed to sp 2 hybrid 
orbital are arranged to form a carbon plane and a 
plurality of carbon planes having such a construction 
are laminated with a distance of 3.354A therebetween. 
Each of these carbon planes is referred to as a 
"graphene" or a "graphene sheet". 

In either case of these fibers whose main 
ingredients are carbon, the threshold value concerning 
electron emission is around lV-lOV/yim. Therefore, 
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-these fibers are both suitable as the material of the 
electron -emitting film 15 of the present invention. 

In particular, an electron-emitting device using 
an aggregate of graphite nanof ibers causes electron 
emission in a low electric field, achieves large 
emission current, is easy to be manufactured, and has a 
stable electron- emitting characteristic ♦ Also, in an 
electron -emitting apparatus, light -emit ting apparatus, 
and image display apparatus using the graphite 
nanof ibers, stable electron emission is performed 
without maintaining the inside of these apparatuses in 
a ultra-high vacuum state, unlike conventional 
electron -emitting devices. Also, electrons are emitted 
in a low electric field, so that an apparatus with a 
high degree of reliability is manufactured without 
difficulty. 

The stated fibers whose main ingredients are 
carbon can be produced by dissolving a hydrocarbon gas 
using a catalyst (a material promoting the deposition 
of carbon) . The carbon nanotube differs from the 
graphite nanofiber 3jn the type of a catalyst and the 
dissolving temperature . 

As to the material of the catalyst, a material- 
such as Fe r Co, Fd, or Ni r or an alloy of materials 
selected therefrom may be used as a nucleus for forming 
a fiber whose main ingredient is carbon. 

In particular, in the case of Pd or Ni, it is 
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possible to produce a graphite nanofiber at a low 
temperature (400°C or higher)* If a carbon nanotube is 
produced, using Fe or Co, however r the temperature needs 
to be increased to 800° C or higher. Because tbe 
production of a grapbite nanofiber using Pd or Ni is 
possible at a low temperature, tbese materials are 
preferable in terms of tbe effects on other components 
and tbe manufacturing cost* 

Further, by utilizing a characteristic that oxides 
are reduced by hydrogen at a low temperature (room 
temperature) in the case of Pd, the nucleus may be 
formed using palladium oxide. 

If the palladium oxide is subjected to a hydrogen 
reduction process, it becomes possible to form an 
initial aggregation nucleus at a relatively low 
temperature (200°C or lower) without using a 
conventional nucleus formation technique, such as the 
heat aggregation of a thin metal film or the generation 
and vapor deposition of ultra-fine particles . 

As tbe hydrocarbon gas described above r there may 
be used a hydrocarbon gas (such as ethylene, methane, 
propane, or propylene), CO gas, C0 2 gas, or a steam of 
an organic solvent (such as ethanol or acetone), for 
instance. 

Finally, the mask pattern 19 is peeled off as 
shown in Fig. 5G, In this manner, the electron- 
emitting device of the present invention is 
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manuf actured . 

The electron -emitting device shown in Fig- 1 that 
has been described above as an example of the present 
invention has a construction where the first electrode 
12 is disposed on the substrate 11 and a convex portion 
composed of the insulating layer 13, the second 
electrode 14 , and the electron-emitting fxlm 15 is 
formed on a part of the surface of the first electrode 
12* Also, a part of the second electrode 14 has a 
step-like shape and the electron-emitting film 15 is 
disposed on the lower surface of the second electrode 
14. However, the electron-emitting device of the 
present invention is not limited to this construction 
and the second electrode 14 may be composed of a 
plurality of layers. Also, so long as the layers are 
electrically connected and have the same potential , it 
is not required that these layers are successively 
laminated on each other. That is, at least one 
different component, such as the electron-emitting film 
15 or the insulating layer 13, may be inserted between 
the second electrode layers* Further, the first 
electrode 12 may be disposed only in an area of the 
substrate 11 in which the convex portion is not formed. 
Also, the surface of the electron-emitting film 15 may 
have any one of a polygon shape, a slit shape, at least 
one part of a circle shape, and at least one part of an 
ellipse shape * 
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example applications of the electron -emit ting 
device of the present invention are described below* 

For instance r an electron source or an image- 
forming apparatus may be constructed by arranging a 
plurality of the electron -emitting devices of the 
present invention on a substrate. 

An electron source produced by arranging a 
plurality of tbe electron- emitting devices of the 
present invention is described below with, reference to 
Fig. 6- In tbis drawing, symbol 121 denotes an 
electron source substrate, numeral 122 X- directional 
wiring, numeral 123 Y-directional wiring, numeral 124 
tbe electron-emitting devices according to the present 
invention, and numeral 125 connection wiring «► 

There are m X-directional wiring 122 (Dxl, Dx2, 
. Dxm) that are made of a conductive metal or the 
like using a vacuum evaporation method, a printing 
method, a sputtering method, or the like. The 
material, thickness, and width of each wire is 
determined as appropriate. There are n Y-directional 
wiring 123 (Dyl, Dy2, Dyn) that are produced in 

the same manner as the X-directional wiring 122. An 
interlayer insulating layer (not shown) is provided 
between the m X-directional wiring 122 and the n Y- 
directional wiring 123 so as to electrically insulate 
these wiring. Here, m and n are each a positive 
integer - 
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The interlayer insulating layer (not shown) is 
made of S10 2 or the like using a vacuum evaporation 
method, a printing method, a sputtering method, or the 
like. For instance, the interlayer insulating layer 
having a desired shape is produced to cover the entire 
or a part of the surface of the electron source 
substrate 121 on which the X-directional wiring 122 
have been "formed. In particular, the thickness, 
material, and production method of the interlayer 
insulating layer are determined as appropriate so that 
the interlayer insulating layer is resistant to 
potential differences at the intersections of the X- 
directional wiring 122 and the Y- directional wiring 
123. The X- directional wiring 122 and the Y- 
dixectional wiring 123 are extended to the outside as % 
external terminals . 

A pair of electrode layers (not shown) 
constituting the electron -emitting device 124 are 
electrically connected to the m X-directional wiring 
122 and the n Y-directional wiring 123 by the 
connection wiring 125 made of a conductive metal or the 
like. 

The X-directional wiring 122, the Y-directional 
wiring 123, the connection wiring 125, and the pair of 
device electrodes may be made of partially or 
completely the same component devices or made of 
different devices . The foregoing wiring are made of 
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materials appropriately selected from the foregoing 
materials of the first electrode 12 and the second 
electrode 14 that are the device electrodes- If the 
same material is used to produce the device electrodes 
and the wiring, the wiring connected to the device 
electrodes may also be called device electrodes. Also, 
the device electrodes may be used as wiring electrodes. 

To select the rows of the electron-emitting device 
124 arranged in the X- direction , a scanning signal 
applying means (not shown) for applying a scanning 
Signal is connected to the X- directional wiring 122. 
On the other hand, to modulate each column of the 
electron- emitting device 124 arranged in the 
Y-dlrection according to an input signal, a modulation 
signal generating means (not shown) is connected to the 
Y-directional wiring 123* The driving voltage applied 
to each electron- emitting device is supplied as the 
difference voltage between the scanning signal and the 
modulation signal applied to the electron -emitting 
device . 

The above-mentioned construction makes it possible 
to select respective electron-emitting aevices and 
independently drive the selected electron -emitting 
devices using a passive matrix wiring. An image- 
forming apparatus formed using an electron source 
having the foregoing passive matrix configuration is 
described below with reference to Fig . 7 . This drawing 
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is a schematic diagram showing an example of a display 
panel of the image-forming apparatus . 

Referring to Fig- 7, reference numeral 121 
represents a substrate of the electron source on which 
a plurality of the electron -emit ting devices 124 of the 
present invention are arranged in the manner described 
above, numeral 131 a rear plate to which the electron 
source substrate 121 is secured, numeral 136 a face 
plate having a construction where a fluorescent film 
134 (a phosphor), a metal back 135, and the like 
serving as image forming members are formed on the 
internal surface of a glass substrate 133, and numeral 
132 a support frame. An envelope 137 is formed using 
the rear plate 131, the support frame 132, and the face 
plate 136 by applying f rit , glass or the like to their 
connection portions and then baking, in the air or a 
nitrogen atmosphere, the foregoiag components at 400° C 
to 500° C for 10 minutes or longer to seal the 
component: s , 

The envelope 137 is, as described above, formed by 
the face plate 136, the support frame 132, and the rear 
plate 131. Because the rear plate 131 is provided to 
mainly reinforce the strength of the electron source 
substrate 121, the rear plate 131 is not required if 
the electron source substrate 121 itself has sufficient 
strength, in this case, the support frame 132 may be 
directly sealed to the electron source substrate 121 to 
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form the envelope 137 using the face plate 136, tlie 
support frame 132 , and the electron source substrate 
121* Also, by Inserting a support member called a 
spacer (not shown) between the face plate 136 and the 
rear plate 131, the envelope 137 may be made to be 
sufficiently strong against the atmospheric pressure. 

It should be noted here that in the image-forming 
apparatus using the electron -emitting devices according 
to the present invention, a phosphor (the fluorescent 
film 134) is arranged in alignment over the electron- 
emitting devices 124 in consideration of the trajectory 
of emitted electrons . Figs . 8A and 8B are each a 
schematic diagram of the fluorescent film 134 used in 
the panel. In the case where the fluorescent film 134 
is a color fluorescent film, the fluorescent film 134 
is composed of phosphors 142 and black conductive 
members 141 that are called a black stripe (see Fig. 
8A) or a black matrix (see Fig- 8B) depending on the 
arrangement style of the phosphors * 

The image-forming apparatus according to the 
present invention may be used as a display apparatus 
for television broadcasting, a display apparatus for a 
video conference system, a computer or the like. 
Furthermore, the image- forming apparatus according to 
the present invention may be used as an image -forming 
apparatus for a laser printer comprising a 
photosensitive drum or the like- 
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<Embodimen t s > 

Embodiments of the present invention are described 
in detail below. 
<First Embodiment > 

Fig. 2 is a plan view of the electron -emit ting 
apparatus of tlie first embodiment, Fig» 1 is a cross 
sectional view of the electron -emit ting apparatus, and 
Figs. 5A to 5G show a method of manufacturing the 
electron-emitting apparatus. The method of 
manufacturing the electron-emitting apparatus of this 
embodiment is described in detail below. 
(Step 1) 

First, as shown in Fig. 5A„ with a sputtering 
method, the first electrode 12 that is an Al film 
having a thickness of 300 nm, the insulating layer 13 
that is an Si0 2 film having a thickness of 100 nm, and 
the second electrode 14 that is a Ta film having a 
thickness of 400 nm are stacked in this order on the 
substrate 11 tliat is a sufficiently cleaned quartz 
glass . 
(Step 2) 

Next r as shown in Fig. 5B, a photomask: pattern of 
a positive photoresist (AZ1500 manufactured by 
Clariant) is formed by spin coating, and is exposed to 
light and developed with a photolithography method to 
obtain a mask pattern 18 * Then, as shown in Fig. 5C, 
dry etching is performed using CF 4 gas from above of the 
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mask pattern 18 functioning as a mask, so that ttie 
insulating layer 13 and the second electrode 14 are 
etched. This etching operation is terminated before 
the first electrode 12 is also processed. 
(Step 3) 

Following this, the mask pattern 18 is peeled off * 
Then, as shown in Fig. 5D„ a photomask pattern of a 
positive photoresist (AZ1500 manufactured by Clariant) 
is formed by spin coating, and is exposed to light and 
developed with a photolithography method to obtain a 
mask pattern 19- Then, dry etching is performed using 
CF 4 gas from above of the mask pattern 19 functioning as 
a mask to obtain the step- like shape of the second 
electrode 14 shown in Fig- 5E. The difference in 
height between the upper surface and lower surface of 
the second electrode 14 is set at 300 nm.< the electrode 
length LI is set at 100 pm, and the width of the lower 
surface is set at 0.5 pm. 
(Step 4) 

Next , as shown in Fig* 5F, a diamond like carbon 
film having a thickness of 100 nm is formed as the 
electron-emitting film 15 using a CVD (chemical vapor 
deposition ) method . 

Finally, the mask pattern 19 used as a mask is 
completely removed to obtain the electron- emitting 
device of this embodiment shown in Fig. 5G. 

Electron emission is performed by arranging the 
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thus -manufactured electron-emitting device in the 
manner shown in Fig. 3. The applied voltage Va is set 
at lOkV and the distance Dl between the electron- 
emitting film 15 and the anode 16 is set at 2 ram. 
Here r an electrode formed by applying a phosphor is 
used as the anode 16. Under these condition, electron 
emission is performed and the electron beam diameter is 
observed. The term "electron beam diameter " refers to 
a size of a beam area in which is observed at least 10% 
of the peak brightness of the light emitted from the 
phosphor- The electron beam diameter becomes 80 pm/200 
pm (x/y) in this embodiment. 

Also, when voltages are applied so that the 
potential of the second electrode 14 becomes higher 
than that of the first electrode 12 and the difference 
between these voltages becomes 4V (which is to say 
Vb=4V) , the electron-emitting device of this embodiment 
does not emit any electrons , as shown in Fig . 4 . As is 
apparent from this, it is possible to drive the 
electron-emitting device of this embodiment at a very 
low voltage. 
< Second Embodiment > 

A schematic cross-sectional view of the electron- 
emitting device manufactured in the second embodiment 
is shown in Fig „ 1 . In this embodiment , the second 
electrode layer 14 of the first embodiment is produced 
by laminating a. Ta film and an Al film to prevent the 
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unevenness of the lower surface of the second electrode 
layer 14 having a step-like shape due to the device. 
The following description centers on the characteristic 
points of this embodiment and therefore the same points 
as in the first embodiment are omitted. 

Similarly to the first embodiment, after the first 
electrode 12 and the insulating layer 13 are laminated 
on the substrate 11 , an Al film having a thickness of 
100 nm and a Ta film having a thickness of 300 nm are 
stacked in this order as the second electrode 14. 

Following this, like in the first embodiment, a 
mask pattern 18 is formed, the Ta film of the second 
electrode 14 and the insulating layer 13 are dry etched 
using CF 4 gas, and the Al film of the second electrode 
14 is dry etched using Cl 2 gas. This etching operation 
is terminated before the first electrode 12 is also 
processed. 

Then, like in the first embodiment, the mask 
pattern 18 is peeled off, another mask pattern 19 is 
formed, and the second electrode 14 is processed using 
CF 4 gas to obtain the step-like shape of the second 
electrode 14. It is impossible to remove the Al film 
using CF 4 gas, so that the thickness of each film of the 
second electrode 14 becomes even and the unevenness of 
the lower surface of the second electrode 14 is 
prevented. 

Other aspects o£ this embodiment are the same as 
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those of the first embodiment and so axe omitted. 
< Third Embodiment > 

A schematic cross-sectional view of the electron- 
emitting device manufactured in the third embodiment is 
shown in Fig. 1. In this embodiment, the applied 
voltage Va is increased so as to improve the current 
amounts of emitted electrons . The following 
description centers on the characteristic points o£ 
this embodiment and therefore the same points as in the 
aforementioned embodiments are omitted . 

In this embodiment, the voltage Va applied to 
drive the electron-emitting device of the first 
embodiment is set at 15kV ana the distance Dl between 
the electron-emitting film 15 and the anode 16 is set 
at 2 mm. 

The electron-emitting device performs electron 
emission by means of the electric field formed by the 
anode voltage, so that the increased anode voltage 
improves the current amounts of the emitted electrons 
in this embodiment. At the same time, however, the 
area from which electrons are emitted is also extended 
and therefore the beam diameter of the emitted 
electrons is increased. 
<Fourth Embodiment > 

Fig. 9 is a schematic cross -sectional view of the 
electron -emitting device manufactured in this 
embodiment, and Figs. 10A to 10F show a method of 
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manufacturing the same. In this embodiment, the 
electron-emitting film 15 is sandwiched between layers 
of the second electrode 14. The electron -emitting 
device having this construction can be manufactured 
more easily. The method of manufacturing the electron- 
emitting device of this embodiment is described in 
detail below. 
(Step 1) 

First, as shown in Fig. 10A, the substrate 11 is 
prepared by sufficiently cleaning a quartz glass. 
Following this, with a sputtering method, the first 
electrode 12 that is an Al film having a thickness of 
300 nm, the insulating layer 13 that is an Si0 2 film 
having a thickness of 100 nm, a second electrode layer 
14a that is a Ta film having a thickness of 100 nm f the 
electron-emitting film 15 that is a diamond like carbon 
film having a thickness of 100 nm, and a second 
electrode layer 14b that is a Ta film having a 
thickness of 20 0 nm are stacked onto the substrate 11 
in this order . 
(Step 2) 

Next, as shown in Fig* 10B, a photomask pattern of 
a positive photoresist (AZ1500 manufactured by 
Clariant) is formed by spin coating, and is exposed to 
light and developed with a photolithography method to 
obtain a mask pattern 18, Then r as shown in Fig- 10C , 
dry etching is performed using CF 4 gas from above of the 
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mask pattern 18 functioning as a mask, so that the 
insulating layer 13, the second electrode layer 14a, 
the electron -emitting film 15, and the second electrode 
layer 14b are etched. This etching operation is 
terminated before the first electrode 12 is also 
processed. 
(Step 3) 

Following this, the mask pattern 18 is peeled off. 
Then, as shown in Fig. 10D. a photomask pattern of a 
positive photoresist (AZ1500 manufactured by Clariant) 
is formed by spin coating, and is exposed to light and 
developed with a photolithography method to obtain a 
mask pattern 19. Then, dry etching is performed using 
CF 4 gas from above of the mask pattern 19 functioning as 
a mask, so that the second electrode layer 14b is 
etched and the electron-emitting film 15 obtains an 
exposed portion as shown in Fig. 10E . 
(Step 4) 

Finally, the mask pattern 19 used as a mask is 
completely removed to obtain the electron- emitting 
device of this embodiment shown in Fig. 10F. Similarly 
to the case of the electron-emitting device of the 
first embodiment, the electrode length LI of this 
electron -emitting device is set to 100 um. 

The thus -manufactured electron -emitting device is 
driven under a condition where Va=l0kV„ Vb=0V, and Dl=2 
mm. The electron emission performed in this case 
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achieves an electron-emitting characteristic that is 
almost the same as in the case of tlie electron-emitting 
device of the first embodiment. 
<Fifth Embodiment > 

Fig. 11 is a schematic cross -sectional view of the 
electron-emitting device manufactured in this 
embodiment » This embodiment relates to a construction 
where an insulating layer 13b is inserted between the 
electron-emitting film 15 and the second electrode 
layer 14b o£ the electron- emitting device of the fourth 
embodiment* It will become apparent from this 
embodiment that there occurs no change in the 
characteristics of the electron -emitting device even 
with the construction where the insulating layer 13b is 
sandwiched between the components * The following 
description centers on the characteristic points of 
this embodiment and therefore the same points as in the 
above-mentioned embodiments are omitted . 

Similarly to the fourth embodiment, the first 
electrode 12, the insulating layer 13a* the second 
electrode layer 14a , and the electron-emitting film 15 
are laminated on the substrate 11. Then, the 
insulating layer 13b that is an SiO z film having a 
thickness of 100 nm and the second electrode layer 14b 
that is a Ta film having a thickness of 100 nm are 
stacked in this order onto the electron -emitting film 
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Following this, like in the fourth embodiment, the 
mask pattern 18 is formed and dry etching is performed 
for the insulating layer 13a, the second electrode 
layer 14a, the electron-emitting film 15 r the 
insulating layer 13b, and the second electrode layer 
14b. This etching operation is terminated before the 
first electrode layer 12 is also processed. 

Then, like in the fourth embodiment, the mask 
pattern 18 is peeled off, another mask pattern 19 is 
formed, and the second electrode layer 14b and the 
insulating layer 13b are subjected to dry etching to 
obtain an exposed portion of the electron- emitting film 
15. 

Other aspects of this embodiment are the same as 
those of the third embodiment and so are omitted _ 

To drive the electron-emitting device of this 
embodiment, the second electrode layer 14a and the 
second electrode layer 14b are connected to each other 
to have the same potential outside the electron- 
emitting device. 

The thus -manufactured electron-emitting device is 
driven under a condition where Va^lOkV, Vb=0V, and Dl=2 
nun. The electron emission performed in this case 
achieves an electron-emitting characteristic that is 
almost the same as in the case of the electron-emitting 
device of the first embodiment - 
< Sixth Embodiment > 



Fig* 2 Is a schematic plan view of the electron- 
emitting device manufactured in this embodiment. Fig. 
12 is a schematic cross-sectional view of the electron- 
emitting device, and Figs * 13A to 13H show a method of 
manufacturing the electron-emitting device. In this 
embodiment , the first electrode 12 is stacked only in 
an area of the substrate 11 in which a convex portion 
composed of the insulating layer 13 , the second 
electrode 14, and the electron-emitting film 15 is not 
formed. The method of manufacturing the electron- 
emitting device of this embodiment is described in 
detail below. 
(Step 1) 

First, as shown in Fig. 13A r the substrate 11 is 
prepared by sufficiently cleaning a quartz glass. 
Following this, with a sputtering method, the 
insulating layer 13 that is an Si0 2 film having a 
thickness of 300 nm and the second electrode 14 that is 
a Ta film having a thickness of 400 nm aire stacked in 
this order onto the substrate. 11. 
(Step 2) 

Next, as shown in Fig. 13B„ a photomask pattern of 
a positive photoresist (AZ1500 manufactured by 
Clariant) Is formed by spin coating, and is exposed to 
light and developed with a photolithography method to 
obtain a mask pattern 18 . Then, as shown in Fig. 13C, 
dry etching is performed using CF 4 gas from above of the 
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mask pattern 18 f unctioning as a mask, so that the 
insulating layer 13 and the second electrode 14 are 
etched. This etching operation is terminated before 
the substrate 11 is also processed- Following this, as 
shown in Fig. 13D, an Al film having a thickness of 200 
nm is stacked as the first electrode 12. 
(Step 3) 

Next, the mask pattern 18 is peeled off. Then, as 
shown in Fig. 13E, a photomask pattern of a positive 
photoresist (AZ1500 manufactured by Clariant) is formed 
by spin coating, and is exposed to light and developed 
with a photolithography method to obtain a mask pattern 
19 . Then, dry etching is performed using CF 4 gas from 
above of the mask pattern 19 functioning as a mask, 
thereby obtaining a step -like shape of the second 
electrode 14 shown in Fig. 13F. The difference in 
height between the upper surface and the lower surface 
of the second electrode 14 is set to 300 nm, the 
electrode length Ll is set at lOO pm, and the width of 
the lower surface is set to 0.5 pm. 
(Step 4) 

Following this, as shown in Fig. 13G, a diamond 
film having a thickness of 100 nm is stacked as the 
electron-emitting film 15 with a CVD method. 

Finally, the mask pattern 19 used as a mask is 
completely removed to obtain the electron-emitting 
device of this embodiment shown in Fig. 13H. 
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The thus -manufactured electron- emitting device is 
driven under a condition where Va=103cV r Vb=OV, and Dl=2 
mm. The electron emission performed in this case 
achieves an electron- emitting characteristic that is 
almost the same as in the case of the electron -emitting 
device of the first embodiment* 
<Seventh Embodiment> 

The electron-emitting device of this embodiment 
has a construction where electron-emitting devices 
whose constructions are based on the first-sixth 
embodiments are arranged to oppose each other. In this 
embodiment, electron-emitting devices having a 
construction based on the first example are arranged to 
oppose each other. With this construction, the 
intensity of light emitted by a phosphor ±s increased. 

Fig. 14 is a schematic cross -sectional view of the 
electron- emitting device of this embodiment, while Fig* 
15 is a schematic plain view of the same. 

The following description centers on the 
characteristic points of this embodiment and therefore 
the same points as in the aforementioned embodiments 
are omitted. 

The electron -emitting device of this embodiment is 
manufactured in the same manner as in the first 
embodiment . 

As to the size of the electron- emitting device, 
the thickness thereof is set at the same value as in 
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the first embodiment, although the hole diameter W2 
shown ±n Fig- 15 is set at 84 pm. 

When the electron-emitting device of this 
embodiment is driven under a condition where Va=10kV, 
Vb=OV, and Dl=2 mm, electrons emitted from the 
electron-emitting film 15 gather at almost the center 
of the hole shown in Fig* 15 and the intensity of light 
emitted from the phosphor is remarkably increased. 
<Kighth Embodiment > 

In this embodiment, the electron- emitting device 
having the construction shown in Fig* 18A is 
manufactured. The following description concerns a 
method of manufacturing the electron -emitting device of 
this embodiment . 
(Step 1) 

The substrate 11 is prepared by sufficiently 
cleaning a quartz glass. Following this, with a 
sputtering method, the first electrode 12 that is an Ti 
layer having a thickness of 5 run (not shown) , the 
Insulating layer 13 that is an Si0 2 layer, and the 
second electrode 14 that is a Ti layer are stacked on 
the substrate 11 in this order. 

Next, a resist pattern is formed using a positive 
photoresist (AZ1500 manufactured by Clariant) in a 
photolithography step. 

Then, dry etching is performed from above of the 
patterned photoresist functioning as a mask to obtain 
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the shapes of the first electrode 12 , the Insulating 
layer 13, and the second electrode 14 shown in Fig* 
18A. 

(Step 2) 

Following this, a mask is formed to cover only a 
surface area of the second electrode in which the 
electron -emitting film 15 shown in Fig- 18A is not to 
be arranged. 
(Step 3) 

Next , a complex solution where isopropyl alcohol 
or the like is added to a Pd complex is applied to the 
surface area of the second electrode that is not 
covered with the mask. 

After the application, heat treatment is performed 
in the air at 300* C to convert the applied complex 
solution into a palladium oxide film. 
(Step 4) 

The substrate is then heated to 200° C, the air is 
exhausted, and heat treatment is performed ixi a 2% 
hydrogen stream diluted by nitrogen. As a result of 
this step, a large number of Pd particles are formed on 
the surface of the second electrode 14. 
(Step 5) 

Following this, heat treatment is performed at 
500° C for ten minutes in a 0-1% ethylene stream diluted 
by nitrogen to obtain the electron- emitting film 15. 
Then, the mask on the second electrode 14 is removed to 
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obtain the electron- emitting device of this embodiment. 

By observing the electron -emit ting film 15 
manufactured in this example using a scanning electron 
microscope, it is found that a large number of fibrous 
carbons . 

This device is placed in an vacuum apparatus and 
the air inside the apparatus is sufficiently reduced to 
a degree of vacuum of lxl(T 5 Pa* Then, an anode voltage 
Va-IOKV is applied to the anode electrode 16 whose 
distance H to the device is 2 mm, and a pulse voltage 
of 15V is applied to the device as the driving voltage 
Vb. An electron emission current Ie is measured under 
this condition. 

The Ie characteristic of the electron-emitting 
device of this example is such that Ie is dramatically 
increased from around half of the applied voltage (Vb) 
and, when Vb=15V, an electron emission current Ie of 
around IpA is measured. 

The beam obtained in this example has a shape 
close to a rectangle that is long in the Y direction 
and is short in the X direction. Also, a superfine 
beam is obtained and the current Ie stays stable for a 
long time period. 

By observing the fibrous carbons of this electron- 
emitting device using a transmission electron 
microscope, it is found that the so-called graphite 
nanof iber structure is obtained where graphenes are 
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laminated in the axial direction of each fiber as shown 
In the right area of Fig. 20. 
< Ninth Embodiment > 

An electron source and an image-forming apparatus 
are produced using the electron -emitting devices of the 
first-eighth examples* 

The electron- emitting devices are arranged in a 
form of a 10 by 10 MTX. Wiring are connected in the 
manner shown in Fig* 6 , where the X- directional wiring 
are connected to the second electrode layer and the Y- 
directional wiring are connected to the first electrode 
layer. The horizontal intervals and the vertical 
intervals ' between the devices are 150 um and 300 um, 
respectively, A phosphor is arranged over the devices 
so that a distance of 2 mm is maintained therebetween . 
A voltage o£ lOkV is applied to the phosphor. In this 
manner, an image -forming apparatus and an electron 
source are achieved which are capable of performing 
matrix driving and high definition operations, having 
uniform electron-emitting characteristics, and 
remaining stable for a long time period. 

As described above, ttie present invention realizes 
an electron- emitting device that has a uniform 
electron-emitting characteristic, emits an electron 
beam whose diameter is small, has a simple 
construction, and is easy to be manufactured. 

Also, the first voltage applying means is used to 
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apply a certain voltage to an anode. As a result, if 
the electron-emitting device of the present invention 
is applied to an image -forming apparatus, an emission 
current is obtained through which has a phosphor emit 
light having sufficient brightness. 

Further, the electron- emitting device of the 
present invention realizes a high-performance electron 
source and image -forming apparatus. 



